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o ' ABSTRACT

This report presents data obtained during an investigation of test
section interference in the PWT 16-Ft Transonic Circuit using cone-
cylinder and ogive-cylinder configurations having l1-percent blockage.
Pressure distributions and base pressure data on a 20 deg cone-cylinder
10.0-diam long are presented and used to determine optimum test section
wall angle and test leg pressure ratio settings for Mach numbers between
0.6 and 1. 6. Comparisons are made with interference-free cone-cylinder
data which show that tunnel wall interference between M = 0.95 and
M= 1.10 cannot be completely eliminated with the present test section
configuration. Ogive-cylinder pressure distributions are presented.
Three-component force data are presented for 8, 5-diam cone-cylinder
and ogive-cylinder configurations, and comparlsons are made with
1nterference free cone- cylinder data. I : :

'NOMENCLATURE
Ch Drag co‘eff1c1ent., Drag/qooS
CD,b Base-drag coefficient, (P, - pb)/qoo
CD, r . Forebody drag coeffmlent, CD - CDr,b‘
CL e ‘Llft coeff1c1ent Llft/q S .
Crr; thchmg -moment coefficient referenced to the model

nose, Moment/q SD
Cn Normal-force coefficient, Normal force/qooS
D Diameter of model base, 1,800 ft
Moo Free-stream Mach number
P Local static pressure, psfa
Py ' Pressure at model base, psfa
P, Tunnel total pressure, psfa
p'oo Free-stream static pfessure, psfa
. 2

. WYFree-stream dynamic pressure, 0.7 PooMoo’ psf
r Radius used to define ogive nose profile, ft
S R Area of model base,(n/4)D2= 2.544 ft2
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Distance from model nose, ft
Model angle of attack, deg

Test leg pressure ratio (ratio of tunnel total pressure
to the static pressure at the end of the diffuser)

Optimum test leg pressure ratio

Test section wall angle, deg, (positive when walls are
diverged)

Optimum test section wall angle, deg

Rate of change of lift coefficient with angle of attack at
C, =0

L
Rate of change of normal-force coefficient with angle of
attackat C, =0

N

Rate of change of pitching-moment coefficient with lift
coefficient at Cm =0

Rate of change of pitching-moment coefficient with
normal-force coefficient at c, =0
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INTRODUCTION

When testing in transonic wind tunnels, it is important to know
the nature and extent of interference which will be encountered when
compression and expansion waves generated by the model are reflected
back to the model after striking the test section walls, In all transonic
tunnels this interference increases with increasing model size and length.
In the PWT 16-Ft Transonic Circuit, however, because of the type of
test section walls and the ability to vary test section wall angle and test
leg pressure ratio, interference can be reduced for the larger models
by proper adjustment of the test section parameters. The purpose of
this investigation was to determine the optimum settings for the test
section parameters with 1-percent-blockage bodies of revolution
8.5- and 10, 0-diam in length. Comparisons are made with data obtained.
in earlier investigations using 0.0l-percent-blockage models which pro-
duce data essentially free of interference. This investigation was con-
ducted during December 1957,

APPARATUS

TUNNEL

- The PWT 16-Ft Transonic Circuit is a closed-circuit, continuous-
flow wind tunnel capable of operating at Mach numbers between 0.5 and
1.6 and at tunnel total pressures between 50 and 4000 psfa. The main
compressor of the tunnel has been augmented by means of a plenum
auxiliary suction system which removes air from the plenum chamber
surrounding the test section and injects this air into the diffuser down-
stream of the test section, The pressure ratio across the test section
leg of the tunnel can be varied at any Mach number by adjusting the
balance between the main compressor blade setting and the plenum

auxiliary flow rate. During this investigation only three of the five
compressors of the auxiliary suction system were available for use.

Supersonic Mach numbers are obtained by the use of a flexible-
wall Laval-type nozzle. Contours are provided for Mach numbers from
1.00 to 1. 63 at intervals of approximately 0.025 in Mach number.

A more complete description'of the tunnel and its facilities may
be found in Ref. 1. '

TEST SECTION

The test section is 16 by 16 ft in cross section (see
Fig. 1). There is an initial 10 ft length which is a permanent part

Manuscript released by author July 1959,
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of the tunnel and provides a linear transition from the solid walls of the
nozzle to the perforated walls of the testing region which is contained

in the 40 ft long test section cart. A sting support system is provided

in the solid-walled rear portion of the test section, and the two moveable
test section side walls are bulged outward in this area to prevent choking
and to minimize subsonic interference from the support strut. Details
of the test section geometry and the perforated wall liners are shown in
Fig. 1.

MODELS

The models used in this investigation were made up of components
which could be assembled in several combinations to give the desired
model geometry. The basic components were a cylindrical body, a
body extension, a conical nose having a 20 deg total angle, and an ogive
nose which had the same shape as the nose of the AGARD model B. The
three configurations used were the 10, 0-diam cone-cylinder, made up
of the conical nose, the cylindrical body, and the body extension; the
8. 5-diam cone-cylinder, made up of the conical nose and cylindrical
body; and the 8. 5-diam ogive-cylinder, made up of the ogive nose and
the cylindrical body. The location of the models in the test section is
shown in Fig. 1, and a photograph of a typical installation is shown in
Fig. 2. Details of the models are shown in Fig. 3. Each model had
base pressure orifices and a single longitudinal row of pressure orifices
to obtain pressure distributions. All models were mounted on a 6-
component internal strain-gage balance. Model blockage was in all
cases l-percent (ratio of model cross-sectional area to test section
cross-sectional area).

INSTRUMENTATION

The internal strain-gage balance used during this investigation
was 8 in. in diameter and incorporated beams for determining all six
force and moment components, although only three were used for this
investigation. In order to obtain the greatest sensitivity, the balance was
rolled so that the 5000 1b side force elements could be used to measure
normal force, rather than the standard 8000 1b normal force elements.
The axial force element used was rated at 3000 1b. The overall accuracy
obtainable with this balance is approximately % 0. 35 percent of the full
design load of the elements,

Pressure leads from all model orifices were routed down the
support system to an area beneath the test section where they were
connected to pressure transducers of the standard pressure measuring
system of the tunnel. Signals from these transducers were fed into the
on-line data reduction system.

Measurements from both the strain-gage balance and the pressure
transducers were fed directly into the input system of the automatic
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digital computer. On-line data reduction procedures were used so that
final force, moment, and pressure coefficients were obtained immediately
in both tabular and plotted form and were used in gu1d1ng the progress of
the test.

TEST DESCRIPTION

TEST PROCEDURE

The procedure followed during this investigation can be broken
down into several phases. The configuration used for the initial phase
was the 10, 0-diam cone-cylinder. With this configuration, pressure
distributions and base pressures were obtained at zero angle of attack
at each Mach number as test section wall angle, 6 and test leg pres-

_ sure ratio, A\, were varied independently.

For the second phase of the investigation, the rear cylindrical
- extension was removed to form the 8. 5-diam cone-cylinder, and the
base of the model was moved forward 2.7 ft. Using the test section
wall angle which resulted in th(;: best body pressure distribution during
the initial phase, designated O 1 base pressure was measured at each

Mach number as test leg pressure ratio was varied. At each Mach num-
ber, the base pressure data obtained with both the 10, 0- and the 8. 5-diam
cone-cylinders were compared, and the test leg pressure ratio which
resulted in the same base pressure for the two bodies was selected as the
optimum value, designated A*. The reason for this basis for the selection
of the optimum test leg pressure ratio can be better understood if the
empty test section case is considered first. Variations in test leg pres-
sure ratio affect the test section flow in such a manner as to produce a
varying amount of gradient in the pressure distributions at the down-
stream end of the test section. The optimum pressure ratio usually
selected is that which minimizes this pressure gradient. When a model
is installed, the test section losses are increased, and the optimum \

for the tunnel empty case is no longer the optimum. Since the model

base pressure is the most sensitive indication of the effects of gradients
at the rear of the test section, the optimum \ is defined as that which

will produce the same base pressure over a range of axial locations of
the model base. A more detailed explanation of this procedure may be
found in Ref, 2. '

The third phase consisted of determmmg force and moment data.
with the 8. 5-diam cone-cylinder, using 9 and \ ¥

For the fourth phase, the ogive nose was installed, and pressure
data were obtained with the 8.5-diam ogive-cylinder, again using 6. *

ndk .

10
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Thev fifth and final phase consisted of determining force and mo-
ment data with the 8. 5-diam ogive-cylinder at 9‘:‘, and \".

TEST CONDITIONS i

During this test results were obtained at Mach numbers from
0.6 to 1. 6. The angle of the test section side walls was varied from
~0.75 deg to +1. 00 deg, and the test leg pressure ratio was varied from
1.036 to 1.479.  Tunnel total pressure was varied from 1000 to 1500 psfa,
and the resulting Reynolds numbers are presented in Fig. 4. Also
shown in this figure are the Reynolds numbers at which data were ob-
tained with the 0. 0l-percent blockage model, which are presented for
correlation purposes in this report.

PRECISION OF MEASUREMENTS

An estimate of the precision of the measurements presented in
this report is given in the table below. Because the loads during this
test represented only a small percentage of the balance capacity, the
precision achieved in force and moment measurements is poor when
compared with normal standards.

AM an | ap/pt |46, | Ae | acy | ac[acy gJacy 4,

+.003} %.0051%.004}%.02]%.05}+,020] x.060{ +.010] £.003

The Mach number error presented above does not include the
deviation from the mean value in the region of the model. This deviation
was £ 0.003 at subsonic Mach numbers and up to £ 0. 010 at supersonic
Mach numbers. '

RESULTS AND DISCUSSION

Figures 5 through 16 illustrate the effects of test section wall
angle variations and test leg pressure ratio variations on pressure
distributions obtained with the 10, 0-diam cone-cylinder at each Mach
number., At Mach numbers of 0.80, 1.00, and 1. 50, data are presented
showing the effects of test leg pressure ratio variations at four test
section wall angles and the effects of wall angle variations at a fixed
pressure ratio. At each of the other Mach numbers, pressure ratio
effects are presented for only one wall angle. At Mach numbers of 0. 60
through 0.95, wall angle variations had only small effects on the body
pressure distributions; however, when wall angle was held constant,
pressure ratio variation caused changes in the distributions near the
: rear of the model. '

11
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At Mach number 1. 00, both wall angle variations and pressure
ratio variations had small effects on the pressure distributions over
the body; complete data are presented for this Mach number to illustrate
that none of these effects were large.

At Mach numbers of 1. 05 through 1..60, variations in test leg pres-
sure ratio had no effect on the cone-cylinder pressure distributions.
Test section wall angle variations, however, showed very noticeable
effects on these distributions, particularly through Mach number 1, 50.
At M = 1, 60 the disturbance field has moved downstream of the base of
the model and does not affect a model of this length.

In general, the results of this phase of the investigationindicate
that at subsonic Mach numbers, pressure ratio variations had a pre-
dominant effect on body pressure distributions, while wall angle varia-
tions had a negligible effect; conversely, at supersonic Mach numbers,
wall angle variations showed predominant effects, while pressure ratio
effects were negligible,

Figure 17 presents the optimum test section wall angle as a function

~ of Mach number. In order to simplify and speed up operation in the

Mach number range from 0. 6 to 0. 95 the 6 = 0 deg setting was selected

for use at these Mach numbers. The pomts presented for the supersonic
Mach numbers were selected after a careful study of all results after
completion of the test and differed slightly from the settings selected
during the course of the test. In several cases the points selected rep-
resent interpolated or extrapolated settings at which data were not ob-
tained during the test. These optimum values of 0 have been designated
9’*“” . ] |

Figure 18 presents a comparison of base pressure data obtained
with the 10..0- and the 8. 5-diam cone-cylinders. When an intersection
of the curves could be obtained, the value of test leg pressure ratio
resulting in thlS intersection was selected as the optimum value,
des1ﬁnated A *. When an intersection could not be obtained, the value
of A" was selected after a careful examination of the curves for each
Mach number. (Because of the wide range of conditions presented, it

was nc)acessary to change the scale of the plots for Mach numbers above
1.05:.

Figure 19 presents values of \ *, the optimum test leg pressure
ratio, for the models tested. As indicated in Fig. 18, the values of
0, used to determine these values of \* were not in all cases the 6., *

The high values of A\ * at Mach numbers 1,05 and 1. 10 in Fig. 19
are a result of the converged wall requirements for obtaining the mini-
mum of reflected disturbances, which represent a power requirement
considerably above that for operation with parallel walls. In cases where
power is a prime consideration, it may be desirable to forego the g *
settings at these Mach numbers to test at higher stagnation pressurg,s.

12
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Figure 20 presents a comparison of the pressure distributions
obtained with the 10.0-diam cone-cylinder with data from Ref. 3 for a
0. 0l-percent blockage model, which was essentially interference-free.
'In choosing 10. 0-diam cone-cylinder data for this comparison, distri-
butions were selected which were obtained with conditions which most
closely represented the values of 9\;’5‘ and \*, Distributions‘for Mach

numbers 0. 80 and 0.90 compare very closely with the interference-free
data. The effects of wall-induced disturbances begin to appear at Mach
number 0.95, and are readily seen at Mach numbers of 1.00, 1.05, and
1.10. At Mach number 1,20 and above, slight disagreements are evident
in the distributions, but none appear to be of a serious nature. (Because
Ref. 3 presents no M = 1.5 data, comparison was made with a theoretical
curve for this Mach number.) Hence, the range in which interference
will be a problem with models of this general geometry begins at a

Mach number of 0. 95 and extends through a Mach number of 1. 10.

Figure 21 presents pressure distributions measured with the
8. 5-diam ogive-cylinder. No interference-free data were available for
comparison., Interference disturbances can be observed at the same
Mach numbers as with the 10. 0-diam cone-cylinder.

The basic force and moment data for the 8, 5-diam cone-cylinder
and ogive-cylinder models are presented in Figs. 22 through 27. The
lift and moment curve slopes as functions of Mach number are shown in
Figs. 28 and 29 for these two configurations.

The variations of forebody- and base-drag coefficients with Mach
number for the l-percent cone-cylinder and ogive-cylinder models are
presented in Fig. 30. As was expected, the forebody-drag coefficients
for the two bodies show excellent agreement at a Mach number of 0. 60 and
above a Mach number of 1,20, while demonstrating entirely different
transonic characteristics. Base drag coefficients for the two bodies
differ slightly below a Mach number of 0.90 but agree quite well at all
higher Mach numbers.

Figure 31 presents a comparison of the normal-force curve slope
obtained with the 8. 5-diam cone-cylinder model and that obtained with a
model having 0. Ol-percent blockage,-which is essentially interference-
free because of its size. This comparison must be made on the basis of
normal force rather than lift because these unpublished data from an '
earlier test were obtained with a balance which had no axial force element.
Because both tests were conducted with balances of relatively poor sensi-
tivity, the agreement is considered qu1te good.

Figure 32 presents a comparison of the slopes of the pitching-

moment curves for the l-percent and 0, 0l-percent models., Again, when
the balance sensitivities are considered, the agreement is good.

13
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CONCLUSIONS

This investigation of optimum operating parameters for the 16-Ft
Transonic Circuit utilizing l1-percent bodies of revolution has resulted
in the following conclusions:

1. At subsonic Mach numbers, variations in test leg pressure
ratio have definite effects on model pressure distributions, while test
section wall angle variations show little or no effect.

2. At supersonic Mach numbers, variations in test section wall
angle have definite effects on model pressure distributions, while test
leg pressure ratio variations show little or no effect.

# .
3. Values of 0 and \ * presented in this report represent optimum

T conditions for minimizing test section interference with models of the
type and size used in this investigation.

- 4. The operating range in which test section interference on models
of the type and size used in this investigation cannot be eliminated begins
at a Mach number of 0.95 and ends at Mach number 1,10,

5. Interference which is noticeable in pressure data between
Mach numbers of 0.95 and 1.10 is not apparent in the normal-force and
pitching-moment data, :
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